Habitat selection of Intermediate
Introduction
Until three decades ago, Intermediate Egrets Egretta intermedia bred commonly in Japan (Uchida 1954) , and they were the dominant species at some breeding colonies with mixed egret species (Kosugi 1978 , Shigeta & Momose 1979 . In recent years, however, they have been declining in numbers, and have been designated as a "rare" species in the Red Data Book of Japan by the Environment Agency (1991) . Therefore, this species is urgently in need of conservation. However, only a few studies have been conducted on it (Kosugi 1960 , Tojo 1988 , Narusue & Uchida 1993 . In recent years when almost all natural wetlands have been lost due to land development, flooded fields in lowlands are one of the last remaining habitats for the birds. However, the conditions within flooded fields change seasonally as rice and lotus plants grow and water control measures for cultivation are taken, especially in summer. Moreover, recent land consolidation projects may destroy habitat for other wildlife such as fish, amphibians and birds (Kihira 1983 , Environment Agency 1991 , Hasegawa 1993 , Moriyama 1994 . This paper reports on the foraging habitat preference of Intermediate Egrets in breeding season in relation to land use in the eastern part of the Kanto Plain, Honshu, Japan.
Study Area
The study area is located in southern Ibaraki Prefecture in the eastern part of the Kanto Plain, central Honshu, Japan (Fig. 1) . The area is subject to a Pacific climate with August (data from the Aerological observatory). The study was conducted in two separate areas, Sakuragawa and Kokaigawa. Those areas are 20km apart and are used as foraging sites by egrets from different breeding colonies. The Kokaigawa area lies half way down the Kokai River, a tributary of the Kinu River flowing into the Tone River. The Sakuragawa area is along the Sakura River flowing into Lake Kasumigaura connecting with the Tone River. Both the Kokai and Sakura rivers are from 100-150 meters wide, from 1-3 meters deep, and slow-moving . Along either side of these rivers run tall embankments-6 meters high with flat tops 5-6 meters wide-which are used as roads. The stripes of land between either embankment and the water-line are covered with grasses. There are no suitable places for foraging in the water, but egrets were sometimes seen foraging in the grassy areas along the Kokai River.
Habitats for the egrets in the study area were grouped into three categories: flooded Fig. 2 . Land forms in the study area: (1) a river in July, (2) a dry field in July, (3) a rice field in June, (4) a rice field in August, (5) a lotus field in June, (6) a lotus field in August, (7) a fallow field in June, (8) a fallow field in August. fields, dry fields and rivers. The flooded fields consisted of rice, lotus, and fallow fields (Fig. 2) . The flooded fields are found along the rivers in both areas, and are bordered by small woodlands, dry fields and residential areas. The rice farmland is partitioned into 100-200 m by 300-400m "fields" by a system of "perimeter levees" which also serve as farm roads (Fig. 3) . Each field is divided into two smaller sections by nallow waterways of 50-80cm in width. These waterways run along some of the perimeter levees as well.
Each block of the smaller sections is divided into even smaller "checks" or "basins" of 1,000-10,000m2 in size by narrow dirt levees 40-50cm in width at the base and 20cm high with a flat top 30-40cm wide. The levees are usually covered by short weeds of around 10cm in height. Checks and farm roads in the lotus areas are irregular in distribution, and lotus checks vary in size from 500-2,000m2. Fallow fields are found in both study areas. A big unit (about 30ha) of fallow fields is found in the Kokaigawa area. See figure 3 for a schematic diagram of the flooded fields. Water depth within the basins is usually about 5cm. Dry crop fields of 0.2-30ha in size and around 20 meter above sea level are scattered in both study areas.
Farm waterways were classified into five categories according to use, structure and/ or material (Fig. 4) ; 1) shallow mud waterway for irrigation and drainage, 2) pipeline feeding into concrete waterway for irrigation, 3) pipeline for irrigation, 4) deep mud waterway for drainage, and 5) deep concrete waterway for drainage. There is little difference between the water levels in the basins and that in shallow mud or shallow concrete waterways, but a big difference between the water levels in the basins and in deep mud and deep concrete waterways. Few aquatic food animals for the egrets could pass over such big differences in water level between basins and waterways or pass through pipelines. The length of shallow mud waterway is 2.9km/km2 for rice farmland in the Kokaigawa area, while in the Sakuragawa area it is 3.9km/km2 for rice and 6.7km/km2 for lotus farmland.
In both areas, rice is planted in May and harvested in September. Lotus is also planted in May and harvested between fall and spring in the Sakuragawa area along Lake Kasumigaura. The proportion of farmland devoted to rice to that for lotus is 7 : 3. Various insecticides and herbicides are usually sprayed in every field except fallow ones. Counts of Intermediate Egrets were conducted six times per month in both areas between June and August, 1993. There were 11 survey plots in Kokaigawa and 10 in Sakuragawa (Fig. 1) . In Kokaigawa eight plots of 20-40 ha were located in flooded rice fields, and one each in a flooded fallow, a dry field and the river. In the Sakuragawa area, six plots of 10-30ha were located in flooded rice fields, two of around 15ha in flooded lotus fields, and one each in the river and a dry field. In the Kokaigawa area, the largest plot type was flooded fields (total 245.3ha) including rice fields (221.6ha) and fallow fields (23.7ha). The second largest plot type was the river (131.7ha). The dry fields occupied a total of only 17.4ha. In the Sakuragawa area the largest plot type was flooded fields (total 138.9ha) including rice fields (110ha) and lotus fields (28.9ha). The second largest plot type was the river (72.4ha) followed by dry fields (5.5ha).
Perimeter levees were used for doing transects. Each transect was conducted with a motor-cycle running at a speed of 5-6km/hr from 9:00 to 15:00 in calm weather. Total necessary. Counts were successfully conducted along the entire length of the transect.
During transects the following data were recorded: number of individual egret, whether or not they were foraging, and habitat type. Individuals in the air were not recorded. Habitats within the plots were grouped into three categories: basin, levees (i. e., narrow dirt levee and perimeter levee), and waterway. The habitats were also grouped into standing and feeding sites. For example in the case in which an egret standing on a levee took food from within a basin or waterway, the levee was recorded as the standing site and the basin or waterway was recorded as the feeding site.
In addition to the counts, diet surveys were conducted about 10 days per month from identifying species and size of prey items taken by the egrets. Size of prey was estimated at 2.5cm intervals by comparison with bill length of the feeding individual.
Relative biomass of prey types could not be judged only by numbers of prey items taken because prey size varied widely. Therefore, a "volume index" was used for comparing biomass of prey taken. Normally cubed body length (L3) would be better than squared body length (L2) for representing the volume index, but the body width of prey items was usually very small compared to the body length. Thus, this index was calculated by squaring body length (L2) and multiplying by number of prey (n) belonging to each size class.
Habitat parameters of the flooded fields were measured as follows: vegetation height (VH) (cm) measured every month in the middle of the month, degree of vegetation cover (DVC) (%) also measured every month in the middle of the month, percent drained area (PDA) (%) measured every count, density of shallow mud waterways (km/km2), and density of concrete waterways (km/km2). Each survey plot was divided into subplots of 750m2 in size, and the VH and DVC were measured in 5 arbitrarily chosen subplots. In 10% (i. e., 10-20) of the arbitrarily chosen subplots, percent area with no water was measured. A subplot with less than 25% water cover was classified as a dry subplot, and the percent of dry subplots was regarded as the PDA. The dry subplots were actually very wet with many small, shallow puddles in June and July, however no puddles remained in August. Density of shallow mud waterways was calculated for every plot. A regression analysis was done to examine the relationships between the habitat parameters and the presence of egrets (>95% confidence level). Density of egrets was expressed as no. of individuals/km2.
Results

Habitat Preference
The two study areas, Kokaigawa and Sakuragawa, were used by Intermediate Egrets belonging to different breeding colonies. In addition, lotus fields were found only in the Sakuragawa area, while a big unit of fallow fields was found only in Kokaigawa area. Since the areas differ in habitat quality results are first given separately for each of the study areas, and then, both are combined for the final analysis. 1) Kokaigawa area Almost all Intermediate Egrets from June to August, 1993, were sighted in the flooded fields, except for a few egrets in grassy areas along the river. These grassy areas were used as temporary foraging sites by the egrets when the river flooded. No egrets were sighted in the dry fields (Table 1) . Density of egrets in the flooded fields increased from 5.5 in June to 11.4 in August. Egrets were found exclusively in rice fields in June, but were seen in both rice and fallow fields during July and August. The density of egrets in rice fields decreased throughout the study period from 6.1 in June to 4.9 in July and 2.3 in August. The density in fallow fields, however, increased from 0 in June to 20.0 in July and 96.6 in August (Table 2) .
More than 80% of the egrets seen in the rice and fallow fields were located in the basins. The rest were found on levees, with only a few egrets sighted in waterways (Table  3) .
Differences in habitat quality between rice and fallow fields were compared using our parameters VH, DVC and PDA (Fig. 5) . A significant difference between the two field types was recognized only using VH every month but not in the others (Mann-Whitney's n=5) cm in August.
When the results of the regression analysis on the relationship between the habitat parameters and the density of egrets was done, a significant correlation with density of mud waterways (DMW) and PDA was seen in June, and with VH in July and August (Table 4) . Density of concrete waterways showed a negative correlation with egret density throughout the season, but it was not statistically significant. The results indicate that the habitat elements of mud waterways and drained fields had a positive effect on egret densities in the first half of the study period, and vegetation height had a negative effect in the latter half. Avoidance of tall vegetation was also observed while egrets captured prey ( Fig. 6 ). There were two types of feeding behavior. Type A is the case when a egret takes prey from within a basin while standing within the basin. Type B is when prey from within a basin is taken while standing on a levee. The observation frequency of Type A behavior
In August, only a few birds were observed feeding in the rice fields.
2) Sakuragawa area During the study period, egrets in Sakuragawa were only found in flooded fields. The densities were 9.1-11.5 (Table 1 ). There was no significant difference in the density of densities were significantly higher in lotus fields (25.4 and 53.6) than in rice fields (4 .8 and 0.5) ( Table 2) .
In both rice and lotus fields basins were the most common habitat used throughout the study period, but the percentage of egrets seen in the basins decreased from 91.6% (n =83) in June to 87 .7% (n=57) in July and 57.9% (n=57) in August (Table 3 ). The percentage of egrets observed on the levees, however, increased from 8.4% in June to 12.3% in July and 35.1% in August. No egrets were sighted in the waterways in June and July. Only a few egrets appeared there in August. When the regression analysis on the relationship between the habitat parameters and the density of egrets was done, a significant correlation was found with the density of mud waterways (DMW) in June. The percent of drained area (PDA) was also correlated to egret density in August (Table 4) . Density of concrete waterways showed a negative correlation throughout the season, but it was not statistically significant. The results indicate that the habitat represented by mud waterways has a positive effect on egret density in the first half of the season and drained fields have a negative effect in the latter half.
As for the types of feeding behavior (Table 5 , Fig. 6 ), there was a seasonal trend Type A feeding decreased from 94.6% (n=56) in June to 85.2% (n=27) in July, while type B increased from 5.4% in June to 14.8% in July. This trend, however, was not statistically significant, in contrast to the case for the Kokaigawa area. In August, no egrets were observed feeding in the rice fields, as was true in Kokaigawa.
Prey Items
Prey items taken by Intermediate Egrets in both areas were fish, crustaceans (Procambarus clarki), amphibians, insects, and unidentified organisms (Table 6 ). Fish taken were mainly loaches (Cobitidae).
Body lengths of prey items taken by the egrets ranged from the 2.5-5.0cm class to the 15.0-17.5cm class for fish and to the 12.5-15.0cm for crustaceans (Fig. 7) frequencies of body length were found in the 5.0-7.5cm class, 47.1% for fish and 33.4% for crustaceans. The body length of amphibians and insects taken by egrets were smaller than those of fish and crustaceans; 90% of amphibians and all insects and unidentified organisms were less than 5.0cm. In rice and lotus fields in the Sakuragawa area in June, fish represented about 90% of prey biomass using the volume index. The other food items contributed little or nothing to the egrets' diet (Table 6 ). In rice fields in the Kokaigawa area as well, fish made up much of the diet in June but the percentage of total prey biomass was lower (49.2%) than in Sakuragawa. In rice fields in July, fish fell to 30% total prey biomass in both areas, while it still kept a high % volume index (%VI=77.9%) in lotus fields. In August, fish %VI dropped to zero in rice fields in both areas. This trend was also found in the lotus fields, but its significance is questionable due to the low number of samples. No fish were seen taken in fallow fields even in August when other prey items were recorded.
Crustaceans represented 23.6% of prey biomass in Kokaigawa rice fields in June but only 2.6% in lotus fields. The %VI for crustaceans increased markedly in July to 51.5% and 60.3% for rice fields in Kokaigawa and Sakuaragawa, respectively. In August %VI for crustaceans was 57.6% in Kokaigawa rice fields and 24.0% in fallow fields. Tadpoles made up a small amount of the diet in every area throughout the study period. In August insects were prominent with 25-66%VI in all areas except Sakuragawa rice fields, although they were rarely or never taken in June and July. In Sakuragawa lotus and fallow fields in August most of the insects taken were dragonflies. In Kokaigawa rice fields in August insects consisted of dragonflies (18%) and grasshoppers (82%). Almost no insects were taken in Sakuragawa rice fields throughout the study period. All of the dragonflies belonged to the family Libellulidae. Unidentified organisms had a %VI of less than 24% in every area throughout the study period except for a 100%VI (n=63) for fallow fields in Kokaigawa in July.
Discussion
Concentration of Intermediate Egrets in flooded fields may be due to high prey abundance and ease of foraging. The rivers were too deep for the egrets to forage, and prey was scarce in the dry fields. The flooded fields had shallow water and were probably well suited for egret foraging.
Avoidance of the rice fields by egrets in July and August may be due to difficulty in foraging in the dense tall vegetation. The egrets probably could not move and hunt among tussocks of rice plants more than 70cm height or with more than 70% DVC. Type B feeding behavior from levees may increase in frequency as rice plants grow taller and more in 1968, 1974, 1982 and 1993 . Check size in consolidated flooded fields was greater than 3,000m2.
densely. There were no such obstacles in fallow fields throughout the season. On the other hand, lotus fields are probably attractive throughout the season because they provide the egrets with enough space for hunting even when the lotus plants reach heights of a meter or more. This plant, with only a single large, horizontal leaf atop a single long stem does not pose much difficulty for foraging egrets. Egrets concentrate in flooded fields with a high density of mud waterways in June. This explains why the main food source in this month is loaches. Fish, especially loaches swim through mud waterways into the basins every spring when water is let into the fields (Saito et al. 1988 , Yuasa & Doi 1989 . Although lotus fields remain flooded throughout the year, rice fields are drained in winter and provide no habitat for fish. Loaches can not, however, move into the basins from deep concrete or deep mud waterways. Furthermore, it is difficult for egrets to catch fish in waterways because of deep water. Consequently, fallow fields with deep mud waterways and rice fields with deep concrete waterways did not attract egrets.
There were many small pools in drained areas in June, which might provide favorable foraging habitat for egrets, while in July and August the egrets could find no aquatic animals there as all of the pools had dried up. An increase in the number of dragonflies in August may explain the increase in %VI for this prey item. Fallow and lotus fields without dense, tall vegetation provide good foraging conditions for egrets. It is also possible for them to catch insects on levees as vegetation poses few problems for foraging there either. Dry fields in August may have little value for the egrets, because dragonflies avoided these areas which lack water for egg laying. Fallow fields, which were not used by the egrets in June, may be poor in aquatic fauna such as fish and crustaceans, but their value as foraging grounds for the birds increased as the season progressed because of the increase in the number of grasshoppers and dragonflies in July and August.
Intermediate Egrets vary their foraing habitat and diet throughout the season, and many of the prey items are supplied via the waterways. Thus, the productivity of the waterways is an important factor for the survival of the egrets. Aquatic animals are usually plentiful in mud waterways but scarce in concrete waterways and pipelines. In addition, the difference in water level between flooded basins and the waterways is important. In order to supply food to the basins, water level in the waterways should be roughly equal to or higher than in the basins. The amount of favorable foraging habitat will decrease as more deep concrete waterways and pipelines are constructed for land consolidation projects. Narusue & Uchida (1993) Land consolidation usually results in enlargement of check fields to more than 3,000 m2 and replacement of mud waterways with pipelines and concrete lined waterways which provide few prey items for egrets. The trend toward land consolidation has been occurring since the 1970s in the Sakuragawa area and since the late 1980s in the Kokaigawa area (Table 7) . It has seriously affected the birds' survival in the study area. Land consolidation has been undertaken in other regions throughout Japan since the 1960s (Table 7) . Therefore, a decline in Intermediate Egeret population numbers may be expected in these areas as was true of the study area.
In Japan the genus Egretta includes the Great White Egret Egretta alba and Little Egret Egretta garzetta as well as the Intermdiate Egret. Great and Little Egrets also avoid land consolidated rice fields (Narusue & Uchida 1993) , and land consolidation has resulted in a decline in foraging areas for these species as well. The tall Great White Egrets are, however, able to forage in deep rivers and deep coastal mud flats (Tojo 1988) . Little egrets forage not only in flooded fields but also in rivers (Yamagishi et al. 1980 , Tojo 1988 by using highly variable foraging techniques (Hancock & Kushlan 1984 , Tojo 1988 depending on food types (Hafner et al. 1982 , Yamada 1994 . Intermediate Egrets forage mainly by "walking slowly" (Blaker 1968 ) without chasing (Tojo 1988) , and is difficult for them to hunt highly mobile fish using this technique (Sawara et al. 1990 , Yamada 1994 . Consequently, Intermediate Egrets probably do not favor foraging in rivers even when they are shallow. From the above discussion we can see that it is likely due to the Great White and Little Egret's ability to use other foraging habitat in addition to flooded fields that their total population numbers have not been reduced to the same extent as the Intermediate Egret.
